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(54) Method and apparatus for limiting peak current levels in electronic equipment 

(57) An apparatus for limiting total peak current level includes electronic equipment 

oDerat^onal elements 25, 26, 30, 32. 34, a current monitoring element 22, a storage element 24 having 

ore stored ^^^^^^^^^ current consumption of the independent operational elements; and a contro ler 18. 

The comrolTe 1^^^^^^^^ a command from an input element 17 to operate a first operational element m 

manner^^^^^^^^^ current consumption. When the current monitoring element 22 identifies that 

rrrent co^^^^^ in the electronic equipment is at a maximum current level the controUer 18 ad^^^^^^^^ the 

operat on of a second operational element to reduce the current consumption of the second operational 

elemenrin ^^^^ total peak current consumption of the electronic equipment ,s limited. The 

eJuTpmem m^y^^e a mobile radio apparatus with a display which is intermittently illuminated by a backlight. 
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METHOD AND APPARATUS FOR LIMITING PEAK CURRENT 
LEVELS IN ELECTRONIC EQUIPMENT 



This invention relates to electronic equipment having a pluraUty 
of operational elements e.g. volume control, lighting elements such as a 
backlight or light emitting diodes (LEDs) etc. which require a direct 
current source. The invention is appUcable to, but not Umited to, use in 
mobile radio apparatus. Separately and in addition it relates to a 
method of operating a radio having a display and a backlight. 

Rp^kg rrnuTT d tbf Invention 

All items of electronic equipment have electronic circuits that 
require some form of power supply. Often, the power supply is a direct 
current (d.c.) power supply and the electronic equipment is required to 
meet some specification on its operational performance. 

In the case of mobile radio equipment, some intrinsically safe 
mobile radio standards specify a maximum operating temperature for 
the mobile radio units e.g. nCT4 Cenelec specification. In some 
operational instances it is necessary to Umit the d.c. power, supplied to 
the mobile radio unit by its internal battery, in order to comply with the 
standard and meet the maximum operating temperature specification. 
In such operational instances when the dc power is limited and the total 
peak current level for the mobile radio unit exceeds a specific peak (tnp) 
current limit, a battery voltage drop occurs. Typically a batteiy voltage 
drop in a mobile radio unit causes the microcontroller of the mobile radio 
unit to be reset. When a microcontroller of a mobile radio unit is reset, 
the mobile radio unit effectively switches itself off, losing all radio 
contact and operational functionahty. This is undesirable to the mobile 

radio user. . 
Thus it is desirable to have electronic equipment arranged to limit 

the peak current levels of electronic equipment and a method of 
operation thereof This invention seeks to mitigate the problem of 
exceeding peak current levels in electronic equipment and, in particular, 
peak current levels in mobile radio units. 
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SuTnmarv nf the Invention 



According to a first aspect of the invention, a method for limiting the 
total peak current level of electronic equipment having at least first and 
5 second independent operational elements is provided. The method 

comprises the steps of: inputting a command to operate the first operational 
element in a manner requiring increased current consiunption, identifying 
that the equipment is operating at a maximvun ciurent level, and adjusting 
the operation of at least the second operational element of the electronic 
10 equipment to reduce the current consumption of the second operational 
element. 

In a preferred embodiment the method fiulher comprises the 
electronic equipment having a third independent operational element, and 
wherein the operation of a selected one of the second and third operational 

15 elements is adjusted depending on the required manner of operation of the 
first operational nelement7~Alternativelyvthe"opiBra second 
and third operational elements are selectively adjusted in a predetermined 
hierarchical order in response to an input requiring one of the independent 
operational elements to increase its ctirrent consumption. In the preferred 

2 0 embodiment the step of inputting a command to operate the first operational 
element further comprises ihpu^ to increase the volume 

control in the electronic equipment and wherein the adjustment of the 
second operational element is the reduction of the brightness of a display 
element, such as a light emitting diode (LED) or backlight. 

2 5 In this manner, the electronic equipment advantageously adjusts 

the operation of its operational elements to ensure that a specified total 
peak current level (trip current limit) of the electronic equipment is not 
exceeded. 

According to a second aspect of the invention, a method for limiting 

3 0 the total peak current level of electronic equipment is provided. The method 

comprises the steps of: obtaining peak ciurent levels of the operational 
elements in the electronic equipment, summing the peak current levels of 
the contributing operational elements in the electronic equipment, and 
adjusting the operation of the operational elements of the electronic 
3 5 equipment to limit the total peak current level of the electronic equipment. 

This invention is applicable to any electronic equipment having a 
plurality of operational elements e.g. volume control, lighting elements 
such as a backlight or LEDs etc. which reqxiire a direct current source. 
The invention is preferably employed in mobile radio apparatus. 
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Two methods are proposed for obtaining information on the peak 
current levels of the operational elements. The peak current levels of the 
operational elements are pre-programmed into a memory element or 
alternatively, the peak current levels of the operational elements are 
continuously measured and the results updated into a memory element. 

The peak current levels of the operational elements are subsequently 
accessed from the memory element, by a microcontroller of the electronic 
equipment, to determine the optimum operating conditions of the 
operational elements and ensure the trip current limit for the electronic 
equipment is not exceeded. 

In this manner, the electronic equipment advantageously uses 
information on the peak current levels of the operational elements of 
the electronic equipment to adjust the operation of the operational 
equipment. Thereby, operating the electronic equipment within the 
desired total peak current level of the electronic equipment ensuring 
that a specified trip current limit is not exceeded. 

According to a third aspect of the invention, electronic equipment is 
provided comprising at least first and second independent operational 
elements. The electronic equipment further comprises a current monitoring 
element for monitoring current consumption in the electronic equipment and 
a storage element having pre-stored data relating to current consumption of 
at least the first and second independent operational elements. The 
electronic equipment further comprises an input device for inputting 
operational commands and a controller coupled to the first and second 
operational elements, the current monitoring element, the storage element 
and the input device via the display interface. The controller receives from 
the input device a command to operate the first operational element in a 
manner requiring increased current consumption and adjusts operation of at 
least the second operational element to reduce the current consumption of 
the second operational element. The controller performs this operation 
when the current monitoring element identifies that current consumption in 
the electronic equipment is at a maximum current level. 

Advantageously a means for limiting the total peak current 
consumption of the electronic equipment is provided. 

According to a fourth aspect of the invention, there is provided a 
method of operating a radio having a display and a backlight for 
illuminating the display, comprising: generating an alert signal and 
intermittently illuminating the display. 
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A preferred embodiment of the invention will now be described, by 
way of example only, with reference to the drawings. 

RHi^f Df^scriptin n of the Drawings 

5 

FIG, 1 shows a schematic block diagram of a mobile radio unit in 
accordance with the preferred embodiment of the invention. 

FIG. 2 shows a method of limiting the total peak current level of 
the operational elements in a mobile radio unit in accordance with the 
1 0 preferred embodiment of the invention. 

FIG, 3 is an illustration of the front of a portable radio in 
accordance with a further preferred embodiment of the invention. 

pptailed Description of the Drawings 

15 

In the preferred-embodiment of the invention, electronic 

equipment is shown as a mobile radio unit 10. Referring first to FIG. 1, 
a schematic block diagram of the operation of a microcontroller 18 in the 
mobile radio xinit 10 is shown. An audio signalling filter integrated 
20 circuit (ASFIC) 12 is connected to a radio fi-equency interface unit 11, an 
audio output element 16, mi accessdry^ diisplay interface 14 and the 
microcontroller 18. The display interface 14 is connected to a display 15 
and input elements 17, such as a keypad, channel switch, up/down 
volume buttons. The microcontroller 18 contains a first memory 

2 5 element 28, a summation element 27 and has both data bus 36 and 

address bus 38 connections to both a support logic integrated circuit 
(SLIC) 20 and a second memory element 24. The microcontroller 18, 
SLIC 20 and second memory element 24 are all connected via the data 
bus 36 to operational elements. The operational elements include a light 

3 0 emitting diode (LED) 26, a volume control element 25, a backlight 30, an 

alert- tone generator 32 and additional operational elements 34. 

In operation, the timing for the microcontroller 18 is generated by 
the ASFIC 12. The microcontroller 18, in conjunction with the SLIC 20, 
has two basic functions: firstly, to interface to other parts of the mobile 
3 5 radio unit 10 and secondly, to control the internal workings of the mobile 
radio unit 10. 

An example of the current limiting operation of the 
microcontroller 18 with the SLIC 20 is in the case of the microcontroller 
18 receiving a request from an input element 17 to operate a first 
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operational element e.g. volume control 25, in a manner requiring 
increased current consumption. The microcontroller 18 identifies that 
the mobile radio 10 is operating at a maximxmi current level and 
therefore adjusts the operation of a second operational element e.g. a 
5 display element such as a backlight 30, of the mobile radio 10 to reduce 
the current consumption of the second operational element. In this 
manner, and advantageously, the total peak current level of the mobile 
radio 10 is limited. This example can be extended to include additional 
operational elements whereby the microcontroller 18 determines which 

10 of the operational elements are to be adjusted to reduce the total current 
consumption of the mobile radio 10. The operational elements can be 
selectively adjusted in a predetermined hierarchical order in response to 
a request to operate one of the operational elements of the mobile radio 
10 in a manner requiring increased current consumption. 

3^ 5 In the preferred embodiment, the microcontroller 18 and SLIC 20 

constantly monitor and control the operation of the operational elements 
and interpret any changes in the peak current levels into commands 
that control the operation of the mobile radio unit 10. An example of the 
peak current levels (in mA), stored in the second memory element 24 for 

20 the operational elements, is shown in Table 1. 



Operational element 


Status 


Direct Current (mA) 


Backlight 


"on" 


60 


LED 


"off* 


15 


Audio power 
amplifier 


I* II 

on 


Dependent upon 
level 


Alert- tone 


•'off- 




Total 




75 + volume control 



Table 1 



The peak current levels of the operational elements are stored in 
the second memory element 24. The total peak current level of the 
mobile radio unit 10 is obtained by summing the peak current levels of 
the contributing operational elements in the summation element 27 of 
the microcontroller 18. 
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Advantageously, the microcontroller 18, together with the SLIC 
20, controls the total peak current level of the mobile radio unit 10 and 
ensures that it does not exceed a specific trip current limit, thereby 
avoiding any resetting of the microcontroller 18. 
5 Operations and operating conditions within the mobile radio unit 

10 are interpreted by the microcontroller 18 and fed back to the mobile 
radio user as visible (by the display) or audible (alert-tone) indications of 
the present status of the mobile radio unit 10. The SLIC 20 provides 
extra input/output ports. These ports are used to generate additional 

1 0 control signals or to receive peak current levels from additional 

operational elements 34. In addition, the SLIC 20 provides a memory 
management function. 

Referring now to FIG. 2, a flow chart describing an example 
method of limiting the peak current level of a mobile radio unit 10, 

15 according to the preferred embodiment of the invention, is shown. The 
— micfocontf oiler 18Teceives"a via the 

volimie control operational element 25, as shown in step 100. The peak 
current levels for the operational elements are measured, as in step 102. 
The summation element 27 of the microcontroller 18 computes the total 

2 0 peak current level, as in step 104. The total peak current level is then 
compared to the trip current limit for the mobile radio unit 10, as shown 
in step 106. If the total peak current level, required to perform the 
volimie increase is greater than the trip current limit, the backlight 30 is 
monitored to see if it is switched *on", as shown in 108. If the backlight 

2 5 30 is found to be "on", the backlight 30 is switched "off' to reduce the 

total peak current level, as in step 110. The volume level is then 
increased via the volume control element 25, as in step 112, to either the 
desired volume level or a volume level where the total peak current level 
is just less than the trip current limit. The total peak current level is 

3 0 updated in the second memory element 24, as shown in step 120. 

If the LED 26 has already been monitored for peak current 
limiting purposes, as shown in step 125, the mobile radio unit 10 returns 
to a steady state condition in step 128. If the LED 26 has not been 
monitored, the existing volume level is compared with the desired 
3 5 volume level, as in step 126. If the increased volume level has reached 
the desired voltime level, as in step 126 the mobile radio unit 10 returns 
to a steady state condition, as shown in step 128, If the increased 
volume level has not reached the desired volume level, as in step 126, or 
the backlight is switched "off*, as in step 108, the microcontroller 18 
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monitors whether the LED 26 is switched "on", as shown in step 114. If 
the LED 26 is found to be "on", the LED 26 is switched "off", as in step 
116. The volume level is then increased via the volume control element 
25, as in step 112, to either the desired volume level or a volume level 
where the total peak current level is just less than the trip current limit. 
The total peak current level is updated in the second memory element 
24, as shown in step 120. In this situation the LED 26, in step 125, has 
already been monitored and the mobile radio unit 10 returns to a steady 
state condition, as in step 128. If the LED 26, in step 114, is found not 
to be "on", the volume level is increased via the volume control element 
25 to a volume level where the total peak current level is just less than 
the trip current limit, as shown in step 118. The mobile radio unit 10 is 
then returned to a steady state condition, as in step 128. 

If the desired volume level will not cause the trip current limit to 
be exceeded, as in step 106, the volume level is increased to the desired 
volume level, as in step 122. and the total peak current level is updated 
in the second memory element 24, as in step 124. The mobile radio unit 
10 is then returned to a steady state condition, as shown in step 128. 

It is within the scope of the invention that additional operational 
elements 34 may also be switched "off" or switched into a reduced 
current mode of operation. In such situations, step 118 would be 
extended to include monitoring the operational status of these additional 
operational elements 34. A similar process to that previously described 
would then be implemented. It is also within the scope of the invention 
that the microcontroller 18 monitors the peak current levels of the 
operational elements in whichever order is most applicable to the 
operation of the mobile radio unit 10. 

Thus a method has been provided to ensure the total peak current 
level of a mobile radio unit 10 does not exceed a specific trip current 
limit. 

FIG. 3 is an exterior front view of a particularly preferred 
embodiment of the invention. 

As well as the display 15. with its backlight 30, the audio output 
element 16 (a loudspeaker), the input elements (keypad) 17, the volume 
control element 25 and the LED 26, there is shown a push-to-talk (PTT) 
button 50. It is also shown that the backlight 30 illuminates the display 
15. Advantageously, though not essentially, the backlight 30 also 
illuminates the keypad 17. Instead of mounting the display on the front 
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of the radio as shown, it may be mounted on the top, beside the volume 
control element 25. 

In operation, the backlight 30 is switched off when the 
loudspeaker 16 is open. This happens, for example, when an incoming 
signal causes a squelch circuit (not shown) to open. 

Operation is according to the following truth table: 



Carrier 


LED 


Loudspeaker Open 


YES 


OFF 


YES 


YES 


FLASHING 


NO 


NO 


OFF 


NO 


Table 2 



If there is incoming carrier but no audio (squelch is not opened), 
and the loudspeaker 16 is not open, the LED 26 illuminates 
intermittently. 

If there is incoming modulated carrier, the loudspeaker is open 
and the LED 26 is off. 

If the PTT button 50 is pressed, this opens a transmitter circuit 
(not shown) and the backlight 30 is switched off, again to minimise 
current. 

In this embodiment, peak current measurement is not necessary. 
The truth table dictates the operation exclusively. 

If there is an incoming alert signal, an audio tone is output by the 
audio output element 16. This tone is intermittent. With each 
occurrence of the tone, the backlight 30 is switched off. This has the 
very advantageous feature of creating a visually distinctive alert signal. 
The entire display 15 and keypad 17 flashes, with no increase in peak 
current. 
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1. A method of limiting a total peak current level in electronic 
equipment having at least first and second independent operational 
elements, comprising the steps of: 

inputting a command to operate the first operational element in a 
manner requiring increased current consumption; 

identifying that the equipment is operating at a maximum current 

level; 

adjusting operation of at least the second operational element of the 
electronic equipment to reduce current consumption by the second 
operational element, thereby limiting the total peak current level of the 
electronic equipment. 

2. A method according to claim 1 of operating electronic equipment 
having at least first, second and third independent operational elements, 
wherein the operation of a selected one of the second and third operational 
elements is adjusted depending on the required manner of operation of the 
first operational element. 

3. A method according to claim 1 of operating electronic equipment 
having at least first, second and third independent operational elements, 
wherein the operation of the first, second and third operational elements is 
selectively adjusted in a predetermined hierarchical order in response to 
inputting a command to operate one of said elements in a manner requiring 
increased current consumption. 

4. A method according to claim 1, wherein the step of inputting a 
command to operate the first operational element further comprises 
inputting of a command to increase audio volume in an audio output element 

and 

wherein the adjustment of the second operational element further 
comprises reducing brightness of a display element. 
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5. A method of limiting the total peak current level in electronic 
equipment comprising the steps of: 

obtaining peak current levels of operational elements in the electronic 
equipment, 

stimming peak current levels of contributing operational elements in 
the electronic equipment, and 

adjusting operation of the operational elements of the electronic 
equipment to limit the total peak current level of the electronic equipment. 

6. The method of claim 5 wherein the electronic equipment is a mobile 
radio unit. 

7. The method of either of claims 5 or 6 wherein a microcontroller 
adjusts the operation of the operational elements. 

8. The method of any one of claims 5 to 7 wherein the operational 
elements include at least one of the following: volume control, backlight, 
light emitting diode, alert-tone generator. 

9. The method of any one of claims 5 to 8 wherein the peak current 
levels of the operational elements are pre-programmed into a memory 
element and subsequently accessed by the microcontroller. 

10. The method of any one of claims 5 to 9 wherein the peak current 
levels of the operational elements are continuously measured and the results 
updated into a memory element, subsequently accessed by the 
microcontroller. 
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11. Electronic equipment comprising: 

at least first and second independent operational elements (25, 26, 30, 

32, 34); 

a current monitoring element (22) for monitoring current consumption 
5 in the equipment, including current consumption in active ones of the first 
and second independent operational elements; 

a storage element (24) having pre-stored data relating to current 
consumption of the first and second independent operational elements; 

a controller (18) coupled to the first and second operational elements, 
1 0 the current monitoring element, the storage element and a display interface, 
operably coupled to a display (15) and an input element (17) for receiving 
from the input element (17) a command to operate the first operational 
element in a manner requiring increased current consumption and for 
adjusting operation of at least the second operational element to reduce 
1 5 current consumption by the second operational element when the current 

monitoring element (22) identifies that current consumption in the electronic 
equipment is at a maximum current level, thereby limiting the total peak 
current consumption of the electronic equipment. 

20 12. A method of operating a radio having a display and a backlight for 
illuminating the display, comprising: 
generating an alert signal and 
intermittently illuminating the display. 
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